Patent ductus arteriosus (PDA) is a very common condition in preterm infants. By 7 days of age, the PDA remains open in around 65% preterm neonate's born between 25 and 28 weeks of gestation and 87% at 24 weeks of gestation.
| INTRODUC TI ON
Patent ductus arteriosus (PDA) is a very common condition in preterm infants. By 7 days of age, the PDA remains open in around 65% preterm neonate's born between 25 and 28 weeks of gestation and 87% at 24 weeks of gestation. 1 Despite the high prevalence and multiple studies, there continues to be controversy on the management of the PDA and its long-term effects on morbidity and mortality in preterm infants. 2, 3 Though there are disagreements on what is considered a hemodynamically significant PDA, from a physiologic standpoint the effects on the heart in terms of left atrial and ventricular dilation are well known. The systemic hypoperfusion effects (such as renal impairment and necrotizing enterocolitis) are also conceivable. However, what is often overlooked is the effects on the pulmonary vasculature from a high-pressure large volume shunt in a long-standing PDA. The confounding factor in preterm infants is the comorbidity of bronchopulmonary dysplasia (BPD). Pulmonary vascular disease in these cohorts of patients is a significant factor during decision making for closure of the PDA. More so, management of pulmonary hypertension in the presence of a large PDA is challenging. The main objective of this review is to remind readers of the pulmonary vascular changes associated with an untreated large PDA in a preterm infant and the role of diagnostic cardiac catheterization which may assist in decision making for PDA closure.
| PHYS IOLOGY

| Effect of a large PDA on pulmonary vasculature
The pulmonary vascular resistance (PVR) normally drops after birth with breathing due to lung expansion and an increase in PO 2 . In addition, the systemic vascular resistance (SVR) increases with removal of the placenta and leads to an increase in pulmonary blood flow.
The pulmonary arterial pressure (PAP) falls normally and the medial layer of smooth muscle becomes thin. 4 If the ductus arteriosus is widely patent, the PAP does not fall as rapidly and remains elevated.
With large PDAs, there may be systemic pressures due to equalization across a large defect. The diastolic pressures in the aorta and the pulmonary artery may be similar as well. The pulmonary arterioles do not mature or thin normally and the persistence of the smooth muscle in the media delays the drop in PVR over the first 3-4 months. The PVR does not reach normal levels but falls enough to permit excess pulmonary blood flow. As the PVR decreases the pulmonary blood flow continues to increase but the PAP remains high at systemic levels due to the large size of the PDA. This concept of high-pressure, high-flow shunting is important to understand and one must clarify the distinction between elevated PAP and high PVR. 
| Effects of prematurity
The preterm ductus arteriosus is very similar in morphology to the fetal ductus in that it is often tortuous and distinctively long and wide in relation to the diameter of the descending aorta. 6 There are three important considerations in preterm infants when understanding their effect and response to left-to-right shunts. The first is that premature infants with a large PDA often develop cardiac failure earlier (2-3 weeks of age) than term infants (3-6 weeks). 4 This is possibly due to the less developed response of their pulmonary vasculature to hypoxia and vasodilators. Their pulmonary arteries have a smaller amount of muscular tissue in the media with lower intrinsic tone. Therefore, they are unable to constrict appropriately and consequently develop pulmonary over-circulation faster. Secondly, they have a lower level of tolerance to left-to-right shunts as is seen in preterm infants with respiratory distress syndrome. The possible explanation for this is that in respiratory distress syndrome there is differential perfusion (ie, due to less pulmonary blood flow to poorly aerated segments, the other areas of the lungs have greater perfusion). If there is increased pulmonary blood flow due to a shunt, the perfused lung segments will have further increases in blood flow leading to pulmonary edema from transmission of arterial pressure through poorly reactive precapillary vessels. The increased pulmonary blood flow over a period of time will delay normal pulmonary vascular maturation with consequent smooth muscle retention and development of pulmonary vascular disease. The risk of BPD in preterm infants with a large PDA is thought to be higher. 4 The theoretic explanation for this is that a large PDA will have equalization of aortopulmonary pressures leading to increased pulmonary venous and left atrial pressures. Due to more permeable pulmonary capillaries in preterm infants, plasma proteins leak into air sacs and can affect surfactant function leading to reduced lung compliance. To achieve adequate oxygenation in these non-compliant lungs, mean airway pressures need to be raised which will lead to lung damage and possible BPD. 
| Respiratory distress syndrome
Due to the alveolar hypoxia, certain parts of the lungs may have more pulmonary vasoconstriction and hence delay the fall in PVR. This will decrease the effective left-to-right shunting at the PDA. This is evidenced from the fact that with surfactant treatment in preterm infants there is enhancement of left-to-right shunting through the ductus. 
| Bronchopulmonary dysplasia
The pathogenesis of BPD is multifactorial but it is shown that there is destruction of angiogenic factor expression 8 which leads to earlier disruption of angiogenesis in developing lungs and impairs alveolarization. 9 Pulmonary hypertension has been associated with established BPD with reported early development 10 and this may confound the effect of a persistent large PDA in preterm infants. More importantly, the diagnosis of severe pulmonary hypertension in preterm infants with BPD is associated with increased mortality of 47% at 2 years of age 11 which should alert clinicians to early echocardiographic screening of this cohort and possibly a tailored approach to evaluation and management of a persistent PDA.
| C A S E SCENARI OS
| Case 1
A 1-month-old 24-week preterm with left atrial and ventricular dilation on mechanical ventilation (Figure 2A) .
A large left-to-right shunt from this PDA leads to increased pulmonary blood flow and consequent left atrial and ventricular dilation. This is the most common clinical scenario seen in preterm infants with a persistent large PDA. At this stage, it is safe to close the PDA from a hemodynamic standpoint as the PVR is not significantly elevated.
There may be flow related pressure elevation in the pulmonary artery due to the large shunt with equalization of pressures but only mildly elevated PVR.
| Case 2
A 6-month-old 24-week preterm large PDA with severe pulmonary hypertension and right-to-left shunting ( Figure 2B ). Echocardiography though useful in providing insight into the hemodynamics, may be misleading in terms of the pressure estimates and the PVR for which a diagnostic cardiac catheterization is warranted. 
| ROLE OF C ARD IAC C ATHE TERIZ ATI ON
| CON CLUS IONS
A large PDA causes a delay in the normal physiologic drop in the PVR. Prematurity and BPD further confound the effect of the PDA.
Pulmonary hypertension is a late hemodynamic consequence of a large PDA. The management of PH in the presence of a large PDA is challenging. Cardiac catheterization is a diagnostic and therapeutic armament for patient selection for safe ductal closure. By eliminating the left-to-right shunt, it may also offer the opportunity for aggressive pulmonary vasodilator therapy for vascular remodeling in infants with elevated PVR. Early closure within the first 4 weeks of life prior to the onset of significantly elevated PVR, may be of benefit.
D I S CLOS U R E S O F G R A NT S O R OTH E R FU N D I N G
None.
